The reproductive biology of the European hake (Merlucciusmerluccius, Linnaeus, 1758) was studied in the Egyptian Mediterranean waters from December 2009 to November 2011. The sex ratio revealed that males dominated the catch in groups from 13.0 to 32.0 cm, while females dominated for larger groups (33.0-47.0 cm). Generally, males dominated the catch in all seasons. Length at first sexual maturity was found to be 21.8 cm and 24.0 cm for males and females respectively. 
INTRODUCTION
European hake Merlucciusmerluccius is ademersal and bathypelagic species. It is found between 27º W and 40º E of longitude and between 16º N and 70º N of latitude, in temperate areas of the Eastern Atlantic i.e., from the coast of Norway and Iceland to Mauritanian waters (Lloris and Matallanas, 2003) . In the Mediterranean Sea, the highest concentrations of individuals are found at depths from 100m to 200m and increasing in abundance from west to east (Oliver, 1991; Orsi-Reliniet al., 2002; Maynouet al., 2003) . In the north western Mediterranean, on the Catalonian coast, Olivaret al. (2003) recorded that eggs and larvae of this species are concentrated over the continental shelf.
Merlucciusmerluccius is considered as a common and commercially important gadidae fish in Mediterranean Sea (Al-Absawey, 2010) . Reproductive biology and histological structure of Merlucciusmerlucciusin the Bay of Biscay was studied by Murua and Motos (2004) . In Egyptian Mediterranean waters,Abd El Aziz (1976) studied the reproductive biology of this species in Alexandria.
The present study was carried to investigate different reproductive aspects such as sex ratio, maturation, length at first maturity, spawning season, egg diameter and fecundity of this species in Egyptian Mediterranean waters, which could be essential for the management and development for such valuable fish.
MATERIAL AND METHODS
A total of 524 fish of European hake Merlucciusmerlucciuswere randomly collected from the trawlers operated in the Egyptian Mediterranean waters, during the period from December 2009 to November 2011. For every fish, total length and gutted weight were recorded to the nearest millimeter and gram respectively. Gonads and liver were weighed at accuracy of 0.01gm. Sex and maturity stages were determined according to Nikolsky (1963) with some modifications into six maturity stages: immature (stage I), maturation (stage II), nearly ripe (stage III), ripe (stage IV), spawning (stage V) and spent (stage VI). Samples of gonads were preserved in 10% formalin for fecundity and ova diameter studies. Gonadosomatic index was calculated by using the following formula:
Gonad weight (gm) x 100 G.S.I = -------------------------------Gutted weight (gm) and Hepatosomatic index:
Liver weight (gm) x 100 H.
Gutted weight (gm) Absolute fecundity was estimated as the number of mature ova that are likely to be spawned using ripe ovaries of higher gonado-somatic index by the method of Batts (1972) . Ova diameters were measured using an eye piece micrometer under binocular microscope. The relationship between absolute fecundity(F a ) and relative fecundity (F r ) with fish length (cm) are of typeF a = aL b , where a and b constants. Statistical analyses were calculated to support this research.
RESULTS AND DISCUSSION

Sex ratio: Variations of sex ratio with length:
Table (1) determined the percentage of males to females (M : F) for Merlucciusmerluccius,it was showed that males dominated the catch in groups from 13.0cmto 32.0cm, while females dominated the catch for larger groups from 33.0 to 47.0cm. Chi-square was computed according to Snedecor (1956) and Snedecor & Cochran (1982) showed that sex ratio was favor of males for whole catch (1: 0.596). 
Seasonal variation of sex ratio:
Seasonal variations of sex ratio for Merlucciusmerluccius (Table 2) showed that males dominated the catch in all seasons with higher ratio during spring (69.06%). Generally for the whole period of investigation, males accounted 62.64% of the total catch with sex ratio (1: 0.596). The chi-square value computed was 33.88 (p>0.05), this values showed highly significant difference between both sexes. Length at first sexual maturity: According to Pitt (1970) the length at which 50% of a fish population reaches maturity (L 50 ) is considered to be the length of the onset sexual maturity. Fig. (1) shows that, L 50 for females and males of this species reach at a total length of 24.0cm and 21.8cm respectively. 
Monthly distribution of maturity stages:
The monthly percent frequency of maturity stages for males and females of Merlucciusmerluccius were given in Table ( 3). It is obvious that, individuals of maturing stage (stage II) for both males and females were recorded during the whole year reaching maximum percentages in both September and October (100%).
The nearly ripe (stage III) of males were observed through the period from November to February, while that of females were detected during the period from November to March with high percentages for both sexes in January.
Ripe stage (stage IV), for both males and females were represented through the period from January to April.
Spawning stage (stage V), for both sexes extended from April to June reaching maximum percentage during April for females and May for males (Table 3) .
Spent stage (stage VI), was observed from May to August with maximum in July for both sexes. 
Gonado-somatic index (G.S.I):
It is clear in Fig. (2) that females acquired higher G.S.I than males in all months. In both sexes, G.S.I begin to increase from December and January, coincide the beginning of the breeding season. These G.S.I values were increased progressively to reach maximum value in March in both sexes which represent the optimum time of spawning. 
Hepato-somaticindex (H.S.I):
From Fig. (3) , the hepato-somatic index showed higher values for males and females during April 3.863 &6.782 respectively) and May (3.999 & 8.889 respectively). 
Ova diameter:
The percent frequency of ova diameter of ripe selected fishes during December, February and May is graphically represented in Fig. (4) . The results indicate that, the maximum ova diameter (0.84 mm) was observed in February for fishof T.L 43.0cm with higher G.S.I (8.047). This reveals that,Merlucciusmerluccius have a short spawning period. 
Fecundity:
The relation between fecundity and total length: This relation takes curvilinear and expressed by the following equations: Log F a = 0.18712 + 3.15446 log L(r = 0.99935) and Log F r = 0.19719 + 2.14794 log L(r = 0.99827).
From Table ( 4), the absolute fecundity ranged from 40706 to 420950 eggs, and relative fecundity ranged from 1628 to 7942 eggs for length range (25.0cm to 53.0cm). The high correlation coefficients (r) in these two equations indicate a high degree of significance and predictability between fecundity and length. The relation between fecundity and gutted weight:
The relation between absolute fecundity F a and gutted weight (gm)expressed by the following equation:
Log F a = 2.51137 + 1.016176 Log W(r = 0.99773). This equation shows a high correlation coefficient (r = 0.99773), this means a satisfactory agreement between range of gutted weight from 109 to 1166 gm (Table 5 ). The relation between relative fecundity and gutted weight given by the following equation: Log F r = 0.027224 + 1.009867 Log W(r = 0.40925) showsa weak relationship between relative fecundity and gutted weight.
DISCUSSION
The reproductive strength of any fish species is controlled by several factors, such as length of spawning period, number of females and the length and age composition of females in the catch (Al-Absawey, 1997) .
In the present study of Merlucciusmerluccius in the Egyptian Mediterranean waters, sex ratio was 1:0.596 in favor of males while that ratio for this species on the eastern central Atlantic Moroccan coast was close to 1:1 (El-Habouz et al., 2011) , also, in the present investigation, males predominated the smaller populations since fishes ≤ 17.0cm T.L were all males, while fishes ≥ 38.0cm T.L were all females.These differences may be attributed to various aspects such as temperature influences on sex determination (Conver & Kynard, 1981) , selective mortality by sex through differential predation and differential sexual behavior or growth rate (Schultz, 1996) . The disappearance of males from the population at an earlier time than females could be explained by differential mortality rates in sex (Solomon et al., 1984) and (Abdallah & Faltas, 1998) . The shorter life span of males may be associated with their earlier attainment of sexual maturity (Hashem, 1981) .
The length at first sexual maturity is a very important parameter in fisheries research to assess the optimum length of first capture of this species and to determine the minimum legal size that needed to maintain the suitable spawning stock to ensure at least one spawning for the mature individuals (Farrag, 2008) .
Length at first sexual maturity of Merlucciusmerluccius was estimated for different areas by various authors.It was found that, males attain their first sexual maturity at smaller sizes than females. In Egyptian Mediterranean waters, Abd El- Aziz (1976) The present study revealed L 50 for males and females at 21.8 and 24.0cm respectively, although differences in length of maturity for the same species in different regions depend partly on genetic factors, it is strongly influenced by environment, such as hydrographical conditions (i.e. water temperature) and biotic factors, such as food supply (Helser & Almeida, 1997 , Helser & Brodziak, 1998 and Engelhard & Heino, 2006 .
In the present study, the gonadosomatic index values of Merlucciusmerluccius, revealed that the spawning season of this species is short and only a single group of egg matures and such result agrees with that given by Abd El Aziz (1976) , O'Brien (1986) , Horstman (1988) and Lleonart (2001) for Egyptian Mediterranean, western Irish Coast, Celtic sea and Mediterranean sea respectively. Other areas show long spawning periods such as in Tyrrhenian Sea (Biagiet al., 1995) , Bay of Biscay (Lucioet al., 1998) and (Álvarezet al., 2001) , Adriatic Sea (Ungaroet al., 2001) , Tunisian shelf (Orsi-Reliniet al., 2002) and Iberian waters (Piñeiro and Sainza, 2003) .
From the present study of hepatosomatic index it is obvious that this index decreased as gonad weight increased due to the increase of reproductive activity during breading season (January to March) as a result of consumption of lipid stored in the liver.
In the present study, the absolute fecundity for Merlucciusmerluccius increased with increasing of length and weight.These results agree with those of Abd El Aziz (1976) in Egyptian Mediterranean waters.Analysis of covariance for regression of absolute fecundity with respect to length for the present study and that of Abd El Aziz (1976) for the same length range (25.0 -43.0cm)showed no significant difference (comparison of slopes F= 0.47217 & df 1,34).
